Abstract: Carbonated hydroxyapatite derivatives (CHAp) and its metallic derivatives (Ag, Sr, Ba, K, Zn) have been prepared and characterized in this paper and their coating capacity on some model stone samples have been evaluated and discussed. These compounds were characterized by using several analytical tools, including X-ray diffraction analysis (XRD), thermogravimetric analysis (TGA), Fourier transform infrared spectroscopy (FTIR), to determine the purity of the CHAp sample. The XRD and FTIR results confirmed the presence of AB-carbonated type CHAp. The thermal analysis (TGA) established two stages of weight loss that occured during the heating process: The first weight loss between 30-225 • C corresponding to the partial carbonate release from OH-channel and the second one between 226-700 • C, corresponding to some thermal reactions, possibly to the generation of calcium phosphate. The efficiency and suitability of these products on model stone samples were evaluated by monitoring the resistance to artificial weather (freeze-thaw), and pore structure changes (surface area, pore volume, pore diameter). Meanwhile, optical microscopy (OM) and Scanning Electron Microscopy with Energy Dispersive Spectroscopy (SEM-EDS) techniques showed the particles size and surface morphology of the samples, as well as information on its chemical composition. Also, the compressive strength of these new compounds as coatings revealed a homogeneity and strengthen of these model stone samples.
Introduction
Nowadays, one of the main difficulties in preserving objects and heritage monuments is to select the most adequate treatment methods for stone protection, able to preserve their original appearance, without any detrimental effect on their aesthetic properties [1] . The protective products must preserve and PO 4 3− ions and thus the last form has a high special surface area than the previous one [21] . In the case of carbonated hydroxyapatite, a decrease in the a-axis and increase in the c-axis in the apatite lattice is registered, due to the incorporation of B-type CO 3 2− substitution into the HAp structure [22] , a decrease of the crystalinity which suggests a decrease in the crystallite size and crystallinity of the apatite phase [23, 24] , given by the highest amount of CO 3 2− in the apatite structure [25] .
Carbonated hydroxyapatite derivatives (CHAp) and its metallic derivatives (Silver (Ag); Strontium (Sr); Barium (Ba); Potassium (K); Zinc (Zn)) have been prepared and characterized by X-ray diffraction analysis (XRD), thermogravimetric analysis (TGA), Fourier transform infrared spectroscopy (FTIR). The efficiency and suitability of these products on model stone samples, applied by brushing (B) and spraying (S), were evaluated by monitoring the resistance to artificial weather (freeze-thaw) and pore structure changes (surface area, pore volume, pore diameter). Also, the mechanical strengths of these new compounds as coatings for model stone samples revealed good adherence, homogeneity and strength of these layers. 
Materials and Methods

Specimens Samples Preparation
Different samples were prepared from sand and a mixture of gypsum with lime (95%-5%) (1:4) (40 mm × 40 mm × 40 mm) in order to distinguish the difference between non-treated/treated samples and to observe the influence of consolidant used during the treatment. Cubic specimens (diameter: 4 cm, height: 4 cm) have been prepared in a silicon resin matrice in order to avoid the dispersion of the solid matter or evaporation of the solvent from the lateral sides. All specimens were stored under controlled conditions (T = 20 • C, 65% RH) for 1 month. After the drying process, the substrates were left to cool for two hours in a desiccator and adequately treated with the new prepared compounds, and their appearance was examined.
Application of the Carbonated Hydroxyapatite Derivatives
The nanoparticles were suspended in distilled water with conductivity <2 s/cm, due to its higher boiling point and higher surface tension, responsible for a low kinetic stability. They were applied by spraying, an application method commonly adopted in the practice of conservation, for a good penetration and deposition in depth. The procedure was repeated with up to 3 consecutive applications, in order to improve the consolidation effect. The interval between consecutive applications was defined at 6 h, for achieving a complete evaporation of the solvent. The applications were performed under controlled conditions (50% RH, T = 20 • C, air speed <0.1 m/s). The treated specimens were then stored at 65% RH, T = 20 • C, air speed <0.1 m/s for over 1 months, in order to enhance the nanoparticles deposition.
CHAp Synthesis
Carbonated hydroxyapatite (CHAp), as very fine and uniform sized powder, was obtained by a nanoemulsion technique adapted from Zhou et al. [26] . CHAp nanoparticles were synthesized by mixing aqueous solutions of (NH 4 ) 2 HPO 4 and NH 4 HCO 3 , under magnetic stirring. The pH of the aqueous solution was adjusted to 11 using sodium hydroxide 1 M. Then an acetone solution of Ca(NO 3 ) 2 ·4H 2 O at a molar ratio of Ca 2+ :PO 4 3− :CO 3 2− = 1.67:1:0.5 was introduced into the flask.
The reaction was carried out at room temperature. The precipitate was vacuum filtered using a Buchner funnel and washed with distilled water. The reaction product was freeze-dried overnight and calcined the next day at 900 
Chemical Characterization Methods
X-ray diffraction measurements of powder samples were carried out with a Rigaku Ultima IV diffractometer (Rigaku, Tokyo, Japan) using a Cu Kα radiation (λ = 1.54 Å). In this experiment the accelerating voltage of the generator radiation was set at 40 kV and the emission current at 200 mA. The diffractograms were recorded in parallel beam geometry over 2θ = 5 • to 100 • continuously at a scan rate of 4 • /min.
Fourier transformed infrared spectroscopy (ATR-FTIR) was recorded with a Vertex 80 spectrometer (Bruker Optik GMBH, Billerica, MA, USA) equipped with DRIFT accessory, in the range of 2000-400 cm −1 , because the range 4000-2000 cm −1 did not show major changes for these samples.
Thermogravimetric analyses of CHAp were performed using a Pyris 1 TGA analyzer (Perkin-Elmer TGA-7, Waltham, MA, USA) with a scan range from 50-700 • C and a constant heating rate of 10 • C/min under continuous nitrogen.
For porosity determination, the nitrogen adsorption/desorption isotherms were recorded at 77 K in the relative pressure range p/p o = 0.005-1.0 using NOVA2200e Gas Sorption Analyzer (Quantachrome, Boynton Beach, FL, USA). Data processing was performed using NovaWin version 11.03 software. Prior to adsorption measurements, the samples were degassed for 4 h at 180 • C under vacuum. The specific surface area was determined by the standard Brunauer-Emmett-Teller (BET) equation. The total pore volume was estimated from the volume adsorbed at a relative pressure p/p o close to unity. Pore size distribution and mesopores volume were obtained from desorption branch of the isotherm by applying the Barrett-Joyner-Halenda (BJH) model. The t-plot method was used to estimate the micropore surface area and external surface area.
Also, the OM was recorded by a Primo Star ZEISS optical microscope (Carl Zeiss, Oberkochen, Germany) that offers the possibility of investigating the samples in transmitted light at a magnification between 4-100×. The equipment had a digital video camera attached (Axiocam 105, Carl Zeiss, Oberkochen, Germany) which, by the microscope software (Zen Pro), allowed real-time data acquisition. The obtained images could easily be converted from 2D in 3D format through its software for a better view.
The Scanning Electron Microscopy with Energy Dispersive Spectroscopy (SEM-EDS) was obtained with a SU-70 (Hitachi, Japan) microscope, with a magnification range of 30×-800,000×.
Freeze-thaw aging test: For the freeze-thaw test (20 cycles) STAS 6200/15 83, the sample shall be dried in oven at 105 ± 5 • C for 1 h up to the constant mass (m 1 ). The samples were immersed in distilled water for 15 min at room temperature. The samples were kept in the freezer for 3 h at −18 ± 5 • C and then thawed in water. The freeze-thaw operation is repeated until 20 cycles are performed, after which the mass losses during the freeze-thaw process is expressed as gelivity coefficient, Equation (1) .
where: m 1 -the initial mass of the sample, determined after drying at 105 • C to the constant mass and before saturation with distilled water, in grams; m 2 -mass of sample saturated with water, determined before the first freeze-thaw cycle, in grams; m 3 -defrost mass of the sample, determined after drying at 105 • C to the constant mass and before saturation with distilled water, in grams.
Mechanical Testing Method
The mechanical strength test was performed with a Silver Schmidt Hammer Proceq test hammer, type L-0.735 Nm impact energy, according to ASTM C805. The strength range of the Silver Schmidt test hammer is from 10-100 N/mm 2 . Ten replicates within the test location with a minimum spacing of 25 mm between each two testing points and a minimum edge distance of 25 mm, have been recorded. The hammer was positioned at 90 • downward, and the rebound number value is calculated as the average of the readings within this test location, in order to find a relationship between surface hardness and compressive strength with an acceptable error. The compressive strength was calculated using the Equation (2) (for 10th percentile curve range), after apparatus manual indications.
The results have been obtained for the untreated and treated specimens with CHAp, Ag-CHAp, Sr-CHAp, Ba-CHAp, Zn-CHAp, K-CHAp solutions of 0.25 g/L solution applied by brushing and spraying on the stone surface. Table 1 summarizes the results of the phase purity and the average crystallite sizes calculated for the most intense peak of CHAp (0 0 2) for all the investigated samples by XRD and Scherrer Equation (3): L = crystallite size; K = Scherrer constant (0.9); λ = X-ray wavelength (1.54 Å); β = peak width at half maximum intensity (in radians), from the apparatus programme; θ = Bragg angle, from the apparatus programme; By analyzing this table, it could be observed that all the samples matched with the standard JCPDS reference (09-432) file for synthetic carbonated hydroxyapatite. XRD confirmed the phase purity of the synthesized carbonate hydroxyapatite [27] and no additional phases (brushite) were identified, this being an indication for these compounds' purity. Figure 1 shows the characteristic XRD spectra for all samples. When all the prepared samples were analyzed by X-ray diffraction, their patterns were characteristic of the hexagonal apatite phase [28, 29] . 
Results
Crystal Structure
L = (K × λ)/(β × cosθ)(3)
Molecular Structure
The major functional groups in this case are the carbonate, hydroxyl, phosphate groups, identified by FTIR. The observed vibrational peaks, summarized in Figure 2 , are characteristic of carbonated hydroxyapatite compounds, similar to other literature data [27, 30] . For a proper identification of the specific bands of these compounds, the IR region was chosen between 2000-400 cm −1 . 
The major functional groups in this case are the carbonate, hydroxyl, phosphate groups, identified by FTIR. The observed vibrational peaks, summarized in Figure 2 , are characteristic of carbonated hydroxyapatite compounds, similar to other literature data [27, 30] . For a proper identification of the specific bands of these compounds, the IR region was chosen between 2000-400 cm −1 . Figure 1 . XRD diagrams for CHAp and Me-CHAp (Me = Sr, Ag, Ba, Zn, K).
Thermal Properties
The thermogravimetric analysis of the samples carried out from 30-1000 • C in air atmosphere using a heating rate of 10 • C/min is shown in Figure 3 . The TGA result shows that there are two stages of weight loss that occurs during the heating process: The first weight loss between 30-225 • C and the second one between 226-700 • C, corresponding to some thermal reactions [31] .
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Discussion
The XRD patterns shown in Figure 1 , indicated that Me-CHAp samples are very similar to that of pure CHAPp and were in accordance with ASTM data (Card 9-432). The diffraction peaks (2θ = 25.879° for (002), 31.775° for (211), 31.196° for (112), 32.902° for (300), 33.684° for (202), 35 .597° for (301) and 39.853° for (130) respectively), are sharp and well resolved, indicating the obtained phase pure, well crystallized hydroxyapatites [32] . The unit cell parameters of all samples are presented in Table  2 . 
The XRD patterns shown in Figure 1 , indicated that Me-CHAp samples are very similar to that of pure CHAPp and were in accordance with ASTM data (Card 9-432). [32] . The unit cell parameters of all samples are presented in Table 2 . The lattice parameters a and c increased with increasing ionic radium of metallic ions. The substitution of Ca (0.99 Å) with Zn (0.74 Å), Sr (1.12 Å), Ag (1.26 Å), Ba (1.35 Å), and K (1.38 Å) in CHAp lattice could be a cause of increasing of a and c lattice parameters. Changes in cell parameters may imply that all the metals substituted for calcium in the CHAp lattice corresponded with an increase in lattice parameters (except for Zn, which has a smaller ionic radius than Ca). It is also possible that lattice parameter changes occurred due to silver ion and other site substitutions in the crystal lattice. These results are in accordance with previous reports by [30] . Moreover, the inclusion of the metals with a larger ionic radius compared to Ca 2+ , caused the expansion of the lattice parameters (mainly along the c axis) and the increase of cell volume [33] [34] [35] . According to results given in Table 2 , all Me-CHAp samples have lower crystallinity than pure hydroxyapatite.
On the other hand, the substitution of strontium and silver can cause phase shifting to lower 2θ indicating an increase in the lattice parameters, which can be attributed to the higher ionic radius of Sr (1.12 Å) and Ag (1.26 Å), as compared to Ca 2+ [35] .
Broadening of the peaks due to the reduction in the crystallite size and increase in the lattice disorder, are attributed to the divalent metal + substitution in the HAp lattice [36] . Also, the average crystallite sizes, calculated after Scherrer equation suggests that the hydroxyapatite samples could be considered as nano-CHAp (Table 1 ). The results show that insertion of the metals into CHAp lattice led to a higher S BET that is correlated with smaller crystallite sizes of these samples [37] .
The bands from 1455 and 1419 cm By optical microscopy ( Figure 9 ) it was possible to observe that the untreated specimen presents a whitish, highly porous surface (Figure 9a-c) , while the treated specimen shows a more homogeneous surface with no chromatic alteration macroscopically visible. Looking more in detail to the microstructure, it can be observed that the nanoparticles partially filled the superficial pores of the original matrix. The thickness of the deposited layer depends on the consolidant type, higher for Ag-CHAp and mostly similar for Ba-CHAp, Sr-CHAp and CHAp. The layer thickness of the other consolidants is very thin, between 8-10 μm, this being a possible reason for the low efficacy of them. By optical microscopy ( Figure 9 ) it was possible to observe that the untreated specimen presents a whitish, highly porous surface (Figure 9a-c) , while the treated specimen shows a more homogeneous surface with no chromatic alteration macroscopically visible. Looking more in detail to the microstructure, it can be observed that the nanoparticles partially filled the superficial pores of the original matrix. The thickness of the deposited layer depends on the consolidant type, higher for Ag-CHAp and mostly similar for Ba-CHAp, Sr-CHAp and CHAp. The layer thickness of the other consolidants is very thin, between 8-10 µm, this being a possible reason for the low efficacy of them. By optical microscopy ( Figure 9 ) it was possible to observe that the untreated specimen presents a whitish, highly porous surface (Figure 9a-c) , while the treated specimen shows a more homogeneous surface with no chromatic alteration macroscopically visible. Looking more in detail to the microstructure, it can be observed that the nanoparticles partially filled the superficial pores of the original matrix. The thickness of the deposited layer depends on the consolidant type, higher for Ag-CHAp and mostly similar for Ba-CHAp, Sr-CHAp and CHAp. The layer thickness of the other consolidants is very thin, between 8-10 μm, this being a possible reason for the low efficacy of them. The layer varies between 30-90 µm, which is in good agreement with other literature report [39] . By brushing, the layer is thickened, as SEM images shown (Figure 10a-d) .
The layer varies between 30-90 μm, which is in good agreement with other literature report [39] . By brushing, the layer is thickened, as SEM images shown (Figure 10a-d) .
As humidity plays a key role in stone deterioration, a detailed understanding of the processes involved and imposed is required. The amount of water presented in a building stone, its actual material moisture, is a function of several parameters. The specific inner surface represents the interface for any process between the atmosphere and the solid material. There is a close interrelation between material moisture and mechanical properties [40] . From the above images it can be observed that the layer obtained by brushing the carbonated hydroxyapatite derivatives on model samples has different thicknesses: 53-59 μm for CHAp ( Figure  10a ) and thicker from 245 to 524 μm for its metallic derivatives (Figure 10b-d) . For CHAp derivatives with divalent metals (Sr, Ba), the layer obtained by application is between 262 and 378 μm, while for the monovalent derivative of CHAp (Ag) the thickest layer of 540 μm is obtained. The reason lies in the tendency to agglomerate of these metallic derivatives, due to the large surface-to-volume ratio (Figure 4) , more accentuated at Ag-CHAp than Sr-CHAp and Ba-CHAp.
If the pore volume, determined by porosity, is quite similar (0.008-0.01 cc/g), the surface area and pore diameter are different and depend on the consolidant type: It is highest for Ag-CHAp applied by brushing and for CHAp and Ba-CHAp applied by spraying. Meanwhile, the pore diameter is the smallest for Sr-CHAp and Ba-CHAp applied by spraying. From these data, it could be concluded that the application type is decisive and contribute to the layer homogenity applied on the stone surface. For the control specimens, these values are not different at all. They are similar both for brushing and for spraying (Figure 4) .
Measurement of mechanical properties of the samples in all stages (i.e., by brushing and by spraying) was achieved by the test of compression strength. It could be observed that by comparison with the control samples, all the treated samples presented higher compressive strength values for the samples treated by brushing than those treated by spraying (Figure 11a As humidity plays a key role in stone deterioration, a detailed understanding of the processes involved and imposed is required. The amount of water presented in a building stone, its actual material moisture, is a function of several parameters. The specific inner surface represents the interface for any process between the atmosphere and the solid material. There is a close interrelation between material moisture and mechanical properties [40] .
From the above images it can be observed that the layer obtained by brushing the carbonated hydroxyapatite derivatives on model samples has different thicknesses: 53-59 µm for CHAp (Figure 10a ) and thicker from 245 to 524 µm for its metallic derivatives (Figure 10b-d) . For CHAp derivatives with divalent metals (Sr, Ba), the layer obtained by application is between 262 and 378 µm, while for the monovalent derivative of CHAp (Ag) the thickest layer of 540 µm is obtained. The reason lies in the tendency to agglomerate of these metallic derivatives, due to the large surface-to-volume ratio (Figure 4) , more accentuated at Ag-CHAp than Sr-CHAp and Ba-CHAp.
Measurement of mechanical properties of the samples in all stages (i.e., by brushing and by spraying) was achieved by the test of compression strength. It could be observed that by comparison with the control samples, all the treated samples presented higher compressive strength values for the samples treated by brushing than those treated by spraying (Figure 11a-d) correlated with an increased rebound number ( Figure 5 ). The addition of the nanoparticles on the specimen surface enhanced the durability of stone compared to the samples not treated, due to the role of nanoparticles in reinforcing the stone, improving their interaction with the stone grains.
It was observed that the results of Zn-CHAp nanoparticles gave the highest values of compressive strength. This can be attributed to the effect of the high reactivity, crystallites size, nanoparticles size and high compatibility with the substrates, similar with other cases reported in the literature [41] . The higher the crystallites size, the higher the compressive strength. The chemical composition of nanosized consolidant can exhibit improvements in thermal, physical, and mechanical properties, because of the strong synergistic effects between the stone surface and CHAp on both the molecular and nanometric scales [42] .
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Transport and distribution of H 2 O, fluid water and vapor in porous materials are governed by different processes. In the assumed case of a dry material, as a first step, its surface starts to adsorb single H 2 O molecules from the atmosphere to form a layer. The only transport mechanism which occurs is vapor transport. With rising air humidity, the number of layers of water molecules on the surface increases. Within those multimolecular layers of the water, surface flow occurs as a secondary and more efficient transport mechanism. Additionally, at a certain content, the water layers merge into the small pores due to capillary condensation, which is effective up to some 10 −7 m pore radius. With an increase of water content in the system, capillary forces, which are active in the pore radius range between some 10 −7 -10 −3 m, start to govern the internal flow. Finally, when the material is completely filled with water, saturation flow occurs. Similar, but inverse are the processes when a water saturated material is subjected to drying. The removal of H 2 O stops when desorption out of the material and adsorption of air humidity reach equilibrium.
When water from the stone surface evaporates faster, a larger active evaporation surface cools occur. Partial saturation enhances this effect. This shows that the surface roughness expressed in the specific inner surface is a determining parameter. The amount of water sorption uptake correlates mainly with the inner surface area, determined by the N 2 -BET method.
Samples with medium specific surface areas have a lower uptake and the lowest values can be observed in samples with the lowest specific surface areas. So, the samples with high specific inner surfaces, exhibit the highest moisture uptake values.
The specimens that supported the freeze-thaw cycles were first dried, weighed, and later immersed in H 2 O for saturation throughout 48 h, consistent with the standardized procedure represented in EN12371. The freeze-thaw aging was performed on 15 specimens and lasted 20 cycles. At the end of freeze-thaw aging procedure the dry mass of the specimens was assessed (Figure 12 ). With an increase of water content in the system, capillary forces, which are active in the pore radius range between some 10 −7 -10 −3 m, start to govern the internal flow. Finally, when the material is completely filled with water, saturation flow occurs. Similar, but inverse are the processes when a water saturated material is subjected to drying. The removal of H2O stops when desorption out of the material and adsorption of air humidity reach equilibrium. When water from the stone surface evaporates faster, a larger active evaporation surface cools occur. Partial saturation enhances this effect. This shows that the surface roughness expressed in the specific inner surface is a determining parameter. The amount of water sorption uptake correlates mainly with the inner surface area, determined by the N2-BET method.
The specimens that supported the freeze-thaw cycles were first dried, weighed, and later immersed in H2O for saturation throughout 48 h, consistent with the standardized procedure represented in EN12371. The freeze-thaw aging was performed on 15 specimens and lasted 20 cycles. At the end of freeze-thaw aging procedure the dry mass of the specimens was assessed (Figure 12 The deterioration of the stones involves mechanical ruptures along the edges, fractures due to the weathering, grooves in depth, shrinkage cracks and brown patina. Salt incrustation may cover the stone surface and fill the fissures of blocks. The deterioration/weathering condition could be poorly weathered stone surfaces and extremely weathered stone surfaces.
By correlation between the visual appearances of samples treated with gelivity values for the samples treated with various carbonated hydroxyapatite a similar degradation tendency could be observed. The control samples undergo similar degradations after the 20 freeze-thaw cycles, as shown in Figure 7 , and more pronounced in the samples treated by spraying with two exceptions of the samples treated with Zn-CHAp and K-CHAp.
The most pronounced degradations are observed in the case of Ba-CHAp, applied by spraying, most probably due to Ba ionic radium 1.35 Å, too high to cover the homogeneous samples.
The higher the gelivity value, the higher the degradation rate and smaller the protection capacity of the carbonated hydroxyapatite derivatives coatings.
The spraying procedure is a fast application, requires one application, leads to a smooth finish free of brush/roller marks, can get into hard to reach areas, but has some disadvantages: Long prep and clean up time, uneven coverage (sometimes too thick), uses 2-3 times as much paint as brushing, The deterioration of the stones involves mechanical ruptures along the edges, fractures due to the weathering, grooves in depth, shrinkage cracks and brown patina. Salt incrustation may cover the stone surface and fill the fissures of blocks. The deterioration/weathering condition could be poorly weathered stone surfaces and extremely weathered stone surfaces.
The spraying procedure is a fast application, requires one application, leads to a smooth finish free of brush/roller marks, can get into hard to reach areas, but has some disadvantages: Long prep and clean up time, uneven coverage (sometimes too thick), uses 2-3 times as much paint as brushing, poor adhesion, cannot paint on windy days. By comparison, brushing has an excellent control, very good adhesion, even uniform coverage, gets paint into nooks and crannies better than spraying. But it is a slow and laborious application, can require 2 or more coats, can leave brush marks and obstructions which make for a difficult application. It is slow, but an even, uniform coat of paint could be obtained and much better adhesion than with spraying alone [20, 43, 44] .
After analyzing these results, it could be concluded that the brushing procedure could offer a more efficient coating of the model stone specimens, while the spraying procedure, evenly induces good compressive strength, produces mechanical ruptures along the edges (Zn-CHAp, Ba-CHAp, Ag-CHAp), fractures (Zn-CHAp, Ba-CHAp, Ag-CHAp), grooves in depth (Zn-CHAp, K-CHAp, Ba-CHAp, Sr-CHAp), shrinkage cracks (CHAp), brown patina (Zn-CHAp).
Conclusions
Carbonated hydroxyapatite derivatives (CHAp) and its metallic derivatives (Ag, Sr, Ba, K, Zn) have been prepared and characterized in this paper and their coating capacity has been evaluated and discussed. These compounds were characterized using several analytical tools, XRD, TGA, FTIR, OM and SEM-EDS techniques.
The efficiency and suitability of these products on model stone samples were evaluated by monitoring the resistance to artificial weather (freeze-thaw), and pore structure changes (surface area, pore volume, pore diameter). Also, the mechanical strengths of these new compounds as coatings for model stone samples revealed homogeneous and strong layers deposited on the stone surface. By correlation, between the visual appearance of samples treated with gelivity values and the samples treated with various carbonated hydroxyapatite, a similar degradation tendency could be observed that is more pronounced in the samples treated by spraying with two exceptions of the samples treated with Zn-CHAp and K-CHAp. The higher the gelivity value, the higher the degradation rate and smaller protection capacity of the carbonated hydroxyapatite derivatives coatings.
The brushing procedure could offer a more efficient coating of the model stone specimens, while the spraying procedure, evenly induces good compressive strengths, produces mechanical ruptures along the edges (Zn-CHAp, Ba-CHAp, Ag-CHAp), fractures (Zn-CHAp, Ba-CHAp, Ag-CHAp), grooves in depth (Zn-CHAp, K-CHAp, Ba-CHAp, Sr-CHAp), shrinkage cracks (CHAp) and brown patina (Zn-CHAp).
